Unexpected Doppler Waveform Patterns in the Lower Extremity Arteries
ALEXANDER VIDUETSKY, PHD, RDMS, RDCS, RVT Unexpected Doppler findings in the arteries of the lower extremity may be found during a routine noninvasive vascular examination. Lowresistive Doppler arterial waveforms in the external iliac and femoral arteries are abnormal and often indicators of proximal high-grade stenosis. Occasionally, other medical conditions could also cause anomalous low-resistive arterial waveforms in the arteries of lower extremities. Detailed knowledge of vascular anatomy, careful sonographic scanning, and meticulous analysis of Doppler waveforms in all examined vessels are paramount for adequate examination and reporting. Vascular sonographers should consider different clinical scenarios whenever abnormal Doppler waveforms are detected.
Key words: hemodialysis access, arteriovenous grafts, arterial duplex examination, arterial Doppler, noninvasive vascular scanning tibial arteries was unsuccessful). All recorded arterial blood pressures were systolic, obtained by a Parks vascular Mini-Lab Model 1052-C (Parks Medical Electronics, Aloha, Oregon), using continuouswave Doppler. These arterial pressures corresponded to the right ABI of 1.0 (normal) and the left ABI of 0.68 (decreased). The Doppler waveforms were unremarkable in both right and left dorsalis pedis arteries. Duplex arterial examination of the lower extremity arteries was performed after ABI measurements, using a GE-Logiq 9 (General Electric Medical Systems, Milwaukee, Wisconsin) with a linear transducer. We used our routine protocol that included bilateral scanning of the external iliac artery (EIA), common femoral artery (CFA), deep (profunda) femoral artery (DFA), superficial femoral artery (SFA), popliteal artery (POPLA), posterior tibial artery (PTA), and anterior tibial artery (ATA). Spectral Doppler was sampled at the proximal segments of all examined arteries, except the SFA (sampled in proximal, middle, and distal segments) and the ATA and PTA (sampled in the proximal and distal segments). There were no visible plaques in the right leg EIA, CFA, SFA, and DFA. Color Doppler flow and spectral Doppler findings were normal. Small calcified plaques were detected on the walls of the right POPLA, ATA, and PTA without hemodynamically significant stenosis. These findings corresponded to a normal ABI of the right leg. There were no visible plaques in the left EIA, CFA, SFA, and DFA, but the Doppler waveforms in these arteries were low resistive ( Fig. 1 ), except the DFA that exhibited normal waveforms ( Fig. 2) . A palpable pulsating subcutaneous "cord" was detected at the left thigh (upper-mid part). The patient did not know either the origin of this "cord" or what kind of surgery she had undergone. Considering the pulsation of the cord, the vascular sonographer assumed correctly that it was a graft. This graft appeared connected proximally to the common femoral vein and distally to the superficial femoral artery-at the mid-distal level (arteriovenous graft) ( Fig. 3 ). It was impossible to detect blood flow inside the apparent graft because the walls were dense and produced an intense acoustic shadow in B-mode and a twinkling artifact by color Doppler interrogation ( Fig. 4 ). However, it was feasible to detect proximal and distal junctions of the graft. The vascular sonographer obtained normal Doppler waveforms in the distal portion of the left SFA 1 cm below the junction with the graft and in all lower leg arteries ( Fig. 5 ). Color flow and spectral Doppler sampling of the left common femoral vein (CFV) demonstrated a typical "arterialized" pattern of pulsating, highvelocity venous waveforms (Fig. 6 ). The popliteal vein (POPLV) showed phasic venous waveforms ( Fig. 7) . It was subsequently learned from the patient's doctor that she had had renal transplantation in 2004, and prior to that, she had been on hemodialysis for about six months. The synthetic arteriovenous graft (AVG) was placed at the left thigh for hemodialysis access because the arm vessels were unsuitable (small diameter) for either arteriovenous fistula or graft. The AVG between the midportion of the SFA and CFV explained the low-resistive arterial waveforms in EIA, CFA, and parts of the SFA proximal to the graft. Blood from these arteries partially outflows through the graft into the venous system, which has significantly lower pressure than the arterial system, creating lower resistance for the proximal arterial inflow. 
FIG. 4.
There is no visible blood flow inside the graft because of very dense walls. The sampled color line represents a twinkling artifact-alternating color Doppler signals from the strong reflecting surface (the color-write priority of the sonographic scanner was set to maximum, which is why the artifact appears around the reflecting surface and not just behind it).
FIG. 5.
Reconstituted normal arterial waveforms in the distal portion of the superficial femoral artery (below the graft junction) due to the restored arterial peripheral resistance.
Doppler waveforms because it has a different route from the left SFA, having no direct connection with the AVG.
Discussion
There are two main varieties of hemodialysis access: arteriovenous fistula (AVF) and AVG. Both of these accesses create an artificial communication between an artery and a vein. The AVF is the preferred hemodialysis access because of durability, cost-efficiency, and fewer complications in comparison to other accesses. A wrist is the prime site for AVF. An example of "low-impact" surgery for AVF is the wrist fistula between the radial artery and cephalic vein-a Cimino-Brescia fistula. If wrist blood vessels are not suitable, brachial vessels are used for AVF creation. 1 The next procedure, in order of hemodialysis access preference, is the arteriovenous graft. The major AVGs are the radial artery to the basilic vein and the brachial artery to the basilic vein. There are loop and straight grafts. Different biological and synthetic materials are used for grafting. Examples of biological grafts are saphenous vein and bovine heterograft. The common synthetic graft material is polytetrafluoroethylene (PTFE). If arm blood vessels are inappropriate for either AVF or AVG, alternative sites for hemodialysis access are used, such as the femoral artery and vein, anterior tibial artery and vein, aorta and inferior vena cava, axillary artery to the femoral vein, and femoral artery to the axillary vein.
Arterial bypass grafts for the treatment of occlusive peripheral arterial diseases are much more common in legs than are arteriovenous grafts for hemodialysis access. Duplex sonographic vascular examination of AVG vessels allows identification of specific, low-resistive waveforms in the inflow artery and arterialized waveforms in the outflow vein, respectively. 2 In the arteries proximal to the AVG, there is a sharp systolic upstroke, and the peak systolic velocity is normal or even increased. When low-resistive waveforms are detected in the arteries distal to a high-grade stenosis, this pattern is usually preserved through all distal arteries, and the peak systolic velocity is lower than normal. 3 The morphology of the Doppler waveform is different as well, with a delayed onset of peak systole and a more rounded systolic peak (the "tardus parvus" waveform). Such waveforms are due to the decreased velocity of the arterial flow and from the compensatory drop of peripheral resistance in all arteries distal to the stenotic site.
On the other hand, the deceleration slope has a sharp angle in the arteries proximal to the AVG, the peak systolic velocity is normal or even increased because there is no obstruction to the arterial flow, and the peripheral resistance in the distal arteries is normal. Ideally, vascular sonographers and clinicians should know the medical history of a patient and the symptoms related to the examination. Often, however, some patients are unable to provide any information regarding their medical status and history. Moreover, patient medical files may not be available at the time of examination. In these situations, sonographers may have to resolve unexpected clinical puzzles. Vascular grafts should be carefully examined, and the proximal and distal connecting points must be identified. The sonographer should determine the vessels connected by a graft, the direction of blood flow in the graft, and whether the graft is patent in its entire length. Structural defects of the graft or anomalies in the surrounding tissues should also be documented. The early detection of an AVG anomaly could prevent various complications of hemodialysis access such as thrombosis, hematoma, aneurysm, or pseudoaneurysms, therefore averting the dialysis failure.
Duplex sonographic examination of the graft may be impossible if walls of a synthetic graft are excessively dense or if a stent-graft was deployed. In this case, it was possible to evaluate connecting points of the graft and to evaluate Doppler waveforms of the communication through the graft vessels.
The twinkling artifact observed for this graft was likely the result of a high color-write priority setting. A twinkling artifact-rapidly alternating red and blue color Doppler signals behind motionless, strongly reflective objects-is highly reliant on the color-write priority and gray-scale gain. 4 The twinkling artifact is most commonly detected behind renal calculi and gallstones, but if the color-write priority is set to maximum, this artifact may appear not just behind a reflecting surface but also around it.
Conclusions
This is a report of an unusual case of arteriovenous graft placement for hemodialysis access in the leg of a patient who was unable to provide a history prior to the examination. The arteriovenous graft was identified by palpating the pulsating cord at the upper thigh that connected the superficial femoral artery with the common femoral vein. Low-resistive waveforms in the arteries of the thigh, proximal to the point of connection with the graft, restored high-resistive waveforms in the distal arteries from the graft arteries and the deep femoral artery, and arterialized venous flow in the common femoral vein was also noted.
